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This  report  covers  work  performed  during  the  period  1 October 
1975  through  31  December  1975,  the  sixth  quarter  of  the  30-month  pro- 
gram to  design  and  build  an  Environment  and  Radar  Operation  Simulator 
(EROS).  Work  has  continued  during  the  past  quarter  on  the  analysis 
of  the  clutter  filters  and  on  specifications  for  the  real-time  soft- 
ware. In  addition,  breadboarding  and  printed  circuit  layout  have 
begun  for  portions  of  the  EROS  digital  hardware.  The  analysis  pre- 
sented in  Section  2 treats  the  dependence  of  clutter  statistics  on 
the  digital  filter  parameters.  The  formulas  derived  in  this  section 
will  be  applied  in  the  scenario  preparation  computer  programs. 

Section  3 summarizes  digital  hardware  implementation  activities.  In 
particular,  the  functions  performed  by  the  target  processor  and  the 
clutter  azimuth  weighting  hardware  are  described.  The  real-time 
executive  control  program  coordinates  the  target,  clutter,  and  display 
functions  performed  by  PDP-11  computer  during  simulation.  A sunnnary 
of  the  specifications  for  this  executive  is  provided  in  Section  4. 
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2.  CLUTTER  DIGITAL  FILTER  ANALYSIS 


2 . 1 Introduct ion 


Clutter  return  in  EROS  is  simulated  by  applying  digital  noise 
(random  numbers)  to  the  digital  filters  whose  parameters  correspond  to 
the  statistics  of  the  544  simulated  clutter  cells.  The  requirements 
for  the  filters  and  the  structure  of  the  proposed  hardware  realization 
have  been  treated  in  Section  2 of  the  Third  and  Fifth  EROS  Quarterly 
Reports.  During  the  past  quarter,  investigations  have  pursued  questions 
of  filter  behavior  and  output  statistics  as  functions  of  the  filter 
parameters. 


2.2  Dependence  of  Filter  Behavior  on  Feedback  Multipliers 

The  following  is  a reformulation  and  amplification  of  results 
reported  in  Section  2 of  the  Fifth  EROS  Quarterly  Report.  The  (complex) 
digital  filter  which  synthesizes  the  moving  portion  of  clutter  has  two 
delay  elements,  whose  outputs  at  time  nT  (after  the  nth  iteration)  are 
denoted  by  Wj^(nT)  and  W2(nT).  The  calculations  performed  by  the  filter 
are  described  by  the  equations 

Wj^  ((n  + 1)T)  = Wj^  (nT)  + 02  ^2  ^ 

W2  ((n  + 1)t)  = w^  (nT) 
y(nT)  = Bw^(nT) 

where 

x(nT)  is  the  sequence  of  complex  random  inputs; 

Oj,  and  B are  (real)  parameters  that  control  the  clutter 

statistics;  and 

y(nT)  is  the  sequence  representing  the  sampled  complex  envelope 
of  clutter  return. 


The  filter  will  be  Implemented  in  the  form  of  two  identical  modules;  one 
will  generate  real  components  of  y(nT)  for  the  544  cells  illuminated  within 
an  antenna  beam,  and  the  other  will  generate  imaginary  components.  ' 


* 
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The  parameter  6 determines  the  radar  cross  section  of  the  moving 
part  of  clutter  and  Is  discussed  further  in  Section  2.3  of  this  report. 
The  parameters  and  02  are  the  feedback  multipliers  that  determine  the 
spectral  behavior  of  the  clutter.  For  certain  values  of  and  a„  there 
corresponds  a two-pole  analog  filter  from  which  a,  and  can  be  derived 
via  the  impulse- invariant  method.  If  the  poles  or  this  analog  filter  art 
complex  at 


0)  T cos  0 

a,  = 2e  ^ cos  (w  T sin  0),  and 

1 P 


2(i)nT  cos  0 
02  = -e  ^ 


These  formulas  were  introduced  with  Equation  (8)  of  the  Fifth  EROS  Quarterly 
Report.  The  other  possibility  is  that  two  poles  may  both  be  real  at  Up  + D. 


Oj^  = 2e”“p^  cosh  (DT) 


-2w_T 
= -e  P 


Clearly  o,  + 4o2  is  negative  in  the  complex-roots  case  and  positive 
in  the  real  roots  case.  The  quantity  o^^^  + 4o2  serves  as  a discriminant 
for  the  digital  filters.  Expressions  can  be  derived  for  the  inverses  of 
the  transformations  (2)  and  (3).  If  the  discriminant  is  negative  (complex- 
roots  case),  the  analog  poles  are  at 


^ In  + j cos 


\ 2/  -ar,  } . 


If  the  discriminant  is  positive,  the  analog  poles  are  at 


+ D = J-n  (-a2>  + cosh 


(-^) 

V 2/^  / 


The  frequency  response  of  the  analog  filter  is  denoted  by  H^(ju)). 
The  cutoff  frequency  w has  been  defined^  such  that 


"a<>c>  ' ■ i "a<°>  ' 


Then  for  the  complex-roots  case  w is  related  to  we  according  to  the 

c p 

formulas 


w = u V -cos  20+  / 1 + cos^  (20) 
c p T 


(1)  =0) 
p c 


^ cos  20+  / 1 + cos^  (20) 


In  the  real- roots  case  u is  related  to  w + D according  to  the  formulas 

c p - 


0)  = V -D^  - 01  ^ + >0^*  + 2o)  '• 

c 1 p p 


(ji  = \ + (0  ^ + / 2oi  **  + 4(ij  ^ 

p » C C c 


The  one-pole  digital  filter  is  realized  by  setting  U2  = 0.  In  this 


- — X,n  a, 
T 1 


The  one-polv  iigital  filter  is  actually  a special  case  of  the  two-pole 
filter  where  one  of  two  real  roots  is  at  0 in  the  z plane. 


The  dependence  of  the  filter's  spectral  behavior  upon  and 
is  illustrated  in  Figure  1.  The  portion  of  the  (a^,  a^)  plane  used  in 
the  EROS  Implementation  hardware  is  the  triangle  bounded  by  the  lines 
a.  = 0,  a„  = - 1,  and  a,  + a,  = !•  The  lines  a„  = -1  and  a..  + a„  = 1 


represent 


^boundaries  of^two  of  the  stability  conditions.  Trie  third 


c.f.  Section  2.2  of  the  Fifth  EROS  Quarterly  Report. 


■ - '“'31*  7* ^ 


stability-condition  boundary,  “o  ~ ~ come  into  play, 

because  EROS  implementation  restricts  to  be  positive.  Negative 
values  of  would  not  be  of  interest  in  clutter  simulation  because 
the  corresponding  filters  have  band-p^ss  behavior  instead  of  the  desired 
low-pass  behavior. 


of  the  (a 


The  triangle  in  Figure  1 is  subdivided  into  three  principal  regions 


ui.  uiic  vm.,  ^2^  plane.  (1)  Points  beneath  the  parabola,  + 4a„  w, 
correspond  to  complex-root  analog  filters.  This  parabola  coincides  with 
the  case  0 = 180°  and  is  marked  as  such  in  Figure  1.  (2)  Points  between 

the  line  U2  = 0 and  the  parabola,  = 0,  correspond  to  real-root 

analog  filters.  (3)  Points  above  the  line  U2  = 0 do  not  correspond  to 
any  analog  filter.  Although  digital  filters  with  U2  > 0 can  be  realized 
using  EROS  digital  hardware,  they  will  probably  not  be  useful  for  clutter 
simulation.  Since  «2  > 0 implies  that  one  of  the  poles  is  in  the^^  left-half 
z plane,  the  spectrum  does  not  decrease  monotonically  from  0 to  = 2033  Hertz. 


0, 


The  dashed  curve  labeled  0 = 150°  indicates  the  locus  of  (a^ , a^) 
points  for  s-plane  pole  angle  150  degrees  with  varying  cutoff  frequencies. 
A similar  curve  could  have  been  drawn  for  0 = 135°,  but  it  lies  so  close 
to  the  9 = 150°  curve  that  the  two  curves  could  not  have  been  resolved 
in  Figure  1.  The  spectral  behavior  along  this  curve  is  approximately 


P(f)  = 


where  n is  on  the  order  of  3 to  4.  The  spectral  behavior  along  the  line 
a2  = 0 is  described  by  the  same  formula  with  n = 2. 

The  curves  labeled  20  Hz  and  200  Hz  in  Figure  1 Indicate  the  locus 
of  a^)  points  for  constant  s-plane  cutoff  frequencies  and  varying 

pole  angles.  Clearly  the  region  of  useful  (a.,  a.)  points  is  very  narrowly 
restricted,  and  in  some  places  the  filter  behavior 


IS  quite  sensitive  to 


small  changes  in  and 


2.3  Statistics  of  Synthetic  Clutter 

The  statistics  describing  the  outputs  from  the  EROS  clutter  filters 
were  discussed  in  Section  5 of  the  Second  EROS  Quarterly  Report  and  in 
Section  2 of  the  Third  EROS  Quarterly  Report.  The  conclusions  reached  in 
these  reports  were  dependent  upon  assumptions  of  ideal  behavior  by  the 
random  Inputs;  l.e.  (1)  zero  mean  and  (2)  uncorrelated  samples.  The 
EROS  pseudo-random  number  generator  described  below  approximates  this 
behavior  with  very  small  deviations.  Moreoever,  the  truncation  errors 


6 


Introduced  by  the  and  02  multipliers  contribute  additional  noise  inputs 
whose  statistics  also  fail  to  satisfy  these  assumptions.  Therefore,  it  is 
appropriate  to  examine  the  effect  of  such  deviations  upon  the  output  sta- 
tistics— the  mean,  variance,  and  power  spectral  density.  In  this  develop- 
ment all  random  processes  are  assumed  to  be  stationary  and  the  following 
notation  will  be  used.  If  u(nT)  and  v(nT)  are  random  processes,  and  if 
X is  a random  variable,  then 


expected  value  of  X 


R^(mT)  = 


complex  conjugate  of  X 
mean  of  u(nT)  = Eju(nT)[ 
variance  of  u(nT)  = E{|u(nT)  - 

autocorrelation  of  u(nT)  = E|u(nT)  u*  (nT  + mT) 


The  cross  covariance  of  u(nT)  with  v(nT)  is  defined  as  E'[(u(nT)  - P ) 
(v*(nT  + mT)  - y *)|*  The  autocovariance  of  u is  defined  as  the  cross 
covariance  u(nT)'^with  u(nT)  and  it  equals  R^(nT)  - (y^p. 

The  pseudo-random  number  generator^  to  be  used  in  the  EROS  imple- 
mentation model  is  described  by  Figure  2.  It  consists  of  31  1-bit  delay 
elements,  an  exclusive-or-gate,  and  decode  logic  to  produce  the  two 
possible  outputs  + y or  - y.  Let  p(nT^^)  denote  the  sequence  of  outputs 
from  this  shift  register.  If  the  initial  states  of  the  31  delay  elements 
are  not  all  zero,  then  p (nT^  has  a cycle  length  of  p = 2^^  - 1.  Of 
these  p outputs  (p  + l)/2  or  them  are  + y's,  and  (p  - l)/2  cf  them  are 
- y’s.  The  relevant  statistics  of  p(nTj^)  are 


= y(2- 


R (mT  1 
P 1 


y2  _ y2  p 2 


2 -1 
Y P 


2 2 
T - % 


m = np 


otherwise 


"^Thls  design  of  the  pseudo-random  number  generator  and  the  statistics  of 
the  pseudo-random  sequences  are  based  on  the  book  by  Golomb,  Solomon,  W. , 
Shift  Register  Sequences,  Holden-Day  Inc.,  Cambridge,  Mass.,  1967. 
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EXCLUSIVE-OR 
(ADDITION  MOD- 


Two  pseudo-random  Inputs  are  required  for  each  of  the  544  filters 
during  every  Doppler  cycle.  Thus  pseudo-random  inputs  are  consumed  at 
the  rate  of  1088  per  Doppler  cycle.  Although  the  pseudo- random  sequence 
is  periodic,  the  period  is  exceedingly  long.  A portion  of  the  pseudo- 
random sequence  used  on  one  of  the  544  filters  would  not  be  reused  on 
any  of  the  other  filters  until  7.9  minutes  later,  and  it  would  not  be 
reused  on  the  same  filter  until  2029  minutes  later.  Therefore,  it  is 
appropriate  to  treat  the  pseudo-random  input  sequence  as  aperiodic  and 
to  simplify  the  expression  of  R : 


Ep(.Ij) 


m = 0 
otherwise 


Let  r(nT)  denote  the  complex  random  input 


r(nT)  = p(mT^)  + j p (mT^  + T^) 


The  statistics  of  r(nT)  are  readily  derived: 


= (1  + j)  b. 


= 2(y2  - 


(9) 


Rp(mT) 


2y2 

f-2yu 


m = 0 
otherwise 


The  arithmetic  performed  by  the  digital  filters  assumes  16-bit  2's 
complement  binary  fractions;  the  binary  point  is  assumed  to  be  between  the 
sign  bit  and  the  15  fraction  bits.  During  each  computation  cycle  the 
products  - 1)  w and  ^2  formed,  and  the  30  fraction  bits  of 
each  (real  and  Imaginary)  component  of  the  product  is  truncated  to  15  bits 
the  low-order  15  bits  are  discarded.  If  [a]  denotes  the  largest  integer 
that  does  not  exceed  a,  and  if  [a  + jb]  denotes  [a]  + i[b],  then  truncated 
products  are  expressed  by  - 1)  w^^]  2“^^  and  [2^^  w^]  2"^^. 


Therefore  the  truncation  errors  are 


e^  = [2^^  (a^  - 1)  w^]  - 1) 


and 


(10) 


^2  ~ [2^^  w^]  2“1^  - 02 


The  effects  of  truncation  errors  can  be  determined  by  treating  e^ 
and  e„  as  additional  random-number  sources,  since  Equation  (1)  remains 
valid  if 


x(nT)  = r(nT)  + e^^  (nT)  + 62  (nT) 


(11) 


An  exact  statistical  analysis  of  x(nT)  is  difficult,  because  the  distri- 
butions of  e^^  and  e.2  depend  upon  the  distribution  of  Wj^.  Although  some 
analysis  has  already  been  performed  to  determine  the  distributions  of 
e^  and  e^,  the  investigations  are  continuing,  and  the  results  will  be 
documented  in  a subsequent  report.  For  the  present  discussion  the 
following  approximations  are  assumed. 

(1)  The  cross  covariance  sequences  of  r with  e^^,  r with  &2> 
and  e^  with  e2  are  identically  0. 

(2)  The  autocovariance  sequences  of  e^^  and  62  are  0 for 
non-0  arguments. 

From  these  assumptions  and  Equations  (9)  and  (11)  it  follows  that 


y =y+y  +y  =(l+j)y+P 
X ^r  ^e^  ^e^  ' p e^^  62 


+ 2 + 0 2 = 2(y^  - y^)+o  ^ + a 


®1  ®2 


R (mT) 

X 


2(y^  - u 2)  +0^+02+  |2 

P ^2  ^ 


-2y  y - 2 y 2 + Ip  I 
' p p ' X ' 


m = 0 


(12) 


otherwise 
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The  unit-impulse  response  at  output  node  (nT)  is  denoted  by 
h(0),  h(T),  . . h(nT),  ....  Note  that  h(nTJ  is  real.  By  the 
convolution  formula  the  response  w. (nT)  to  the  random  input  sequence 
x(nT)  is  ^ 


(nT)  = ^ h(iT)  x(nT  - iT) 


i=0 


and 


y(nT)  = 3 h(iT)  x(nT  - iT) 

i=0 


Therefore 


y = 6 F y 

y X 


(13) 


where 

00 

F = ^ h(nT) 

i=0 

Moreover,  from  the  convolution  formula  and  the  definition  of  the  auto- 
correlation sequence 

00  00 

R (mT)  = *^x 

i=0  k=0 

With  the  substitution  of  (12)  into  (14) 

00 

Ry(mT)  = p2  R^(non-O)  + B2[R^(0)  - R^(non-O)]  ^ h(kT)  h(kT  - mT) 

k=0 

The  variance  o ^ is  derived  immediately  by  evaluating  R (0)  - |y  p 


a 2 * g2  p2  (_  2yy  - 2y  ^)  + 6^  (2y^  + a ^ + a ^ + 2yy  ) 

y P P ®1  ®2  ^ 

2 

where  G Is  the  sum  of  squares  of  the  unit-impulse  response 

oo 

^ (kT) 
k-0 


(16) 


(15) 
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The  computations  of  F and  G 


2 


are  simplified  by  the  following  formulas. 


r 


- » - °2> 

(1  + 02) 


(17) 


The  dependence  of  the  clutter  simulation  upon  radar  cross  section 
is  taken  into  account  by  employing  Equations  (13)  and  (16).  The  procedure 
is  as  follows. 

(1)  Choose  the  quantity  y so  that  the  magnitudes  of  w^  and  w^ 
are  significant  but  safely  below  overflow  levels.  For 
EROS  implementation  y will  be  the  largest  power  of  2 such 
that 

CO 

Y |h(iT)l  < 1 . (18) 

i=--0 

(2)  All  of  the  quantities  in  (16)  except  6 can  be  determined 

independently.  F and  are  computed  with  the  aid  of  (17). 

The  quantity  y equals  (2^^  - 1)~^.  The  quantites  u , 

P 3C 

a and  a ^ can  be  calculated  from  a statistical  analysis 

®1  ®2 

of  e,  and  e2*  The  quantity  a ^ can  be  determined  from  the 
specified  radar  cross  section^of  the  moving  part  of  clutter. 
Therefore,  S can  be  calculated  by  solving  (15) . 

(3)  Since  the  amplitude  distribution  of  the  simulated  clutter 
is  to  be  Ricean,^  a complex  constant  K is  added  to  y(nT)  to 
force  the  resulting  sum  to  have  complex  mean  S.  The  quantity 
|sp  is  proportional  to  the  radar  cross  section  of  the  immobile 
part  of  clutter,  and  the  phase  of  S is  randomly  chosen  during 
scenario  preparation.  Then  from  Equation  (13) 


S = K + 6 F , (19) 

from  which  K can  be  determined  with  the  aid  of  (17). 


The  power  spectral  density  of  the  simulated  clutter  Is  the  Fourier 
transform  of  R (ml)  + K y * + K*  y + iKp.  Inspection  of  (15)  Indicates 
that  this  autocorrelation^ sequence^ assumes  the  form  of  a constant  term 
plus  an  aperiodic  term.  The  spectral  specifications  for  the  simulated 
clutter  apply  only  to  the  aperiodic  term,  and  the  Fourier  transform  of 
this  aperiodic  term  is  easily  determined  by  evaluating  its  z-transform 
at  z = eJ“^.  The  result  is  proportional  to  |H(eJ“^)p,  where  H(z)  is 
the  z-transform  of  h(nT).  Therefore  the  spectral  behavior  is  not  adversely 
affected  by  the  non-zero  correlations  between  the  samples  from  the  pseudo- 
random number  generator. 


2.4  Next  Quarter  Plans 

Filter  analyses  will  continue  next  quarter  supported  by  computer 
simulations.  The  investigation  of  truncation -error  statistics  will  be 
pursued,  with  the  intent  of  deriving  algorithms  for  estimating  their 
means  and  variances.  Effort  will  also  be  directed  toward  deriving 
formulas  which  relate  output  variances  to  desired  radar  cross  sections 
and  to  calibration  conditions. 


3.  DIGITAL  HARDWARE  IMPLEMENTATION 


3.1  Introduction 

Digital  hardware  efforts  during  the  past  quarter  have  concentrated 
on  the  design  of  the  clutter  processor,  on  the  design  of  the  target  pro- 
cessor, and  on  Identifying  frequently  occurring  functions  that  might  be 
conducive  to  standardization  as  modules.  In  addition,  two  of  the  EROS 
digital  hardware  subsystems  have  been  breadboarded  and  verified  in  con- 
cept and  operation.  Printed  circuits  (PC)  layouts  for  the  breadboarded 
subsystems  are  presently  under  construction. 

3.2  Clutter  Processor 

The  clutter  hardware  has  been  divided  into  seven  major  units  which 
Include  the  digital  filter,  pseudo-random  number  generator,  azimuth  weight 
generator,  azimuth  starting  address  generator,  timing  and  control  unit, 
cell  counter,  and  computer  data  interface.  Detailed  block  diagrams  and 
timing  charts  have  been  formulated  for  each  major  component  except  the 
timing  and  control  unit. 


3.3  Clutter  Azimuth  Weighting 

The  azimuth  position  of  the  AN/PPS-15  radar  is  supplied  to  EROS  as 
a 10-bit  word  with  a resolution  of  one  1024th  of  a circle.  With  256 
clutter  columns  per  circle,^  there  are  four  azimuth  positions  in  each 
clutter  column.  A new  azimuth  reading  is  made  each  antenna  cycle,  which 
is  defined  as  256  Doppler  cycles^  (i.e.,  256  x 240  ysec).  At  a constant 
scan  rate  of  90  mll/second,  the  10-bit  azimuth  position  word  will  change  by 
slightly  less  than  one  least  significant  bit  during  the  antenna  cycle. 

As  shown  in  the  Fourth  EROS  Quarterly  Report,  there  will  be  17 
clutter  columns  and  32  range  rings  for  a total  of  544  clutter  cells, 
simulated  at  any  Instant  in  time.  One  sample  from  each  clutter  cell  will 
be  generated  during  each  Doppler  cycle.  The  azimuth  weight  is  the  same 
for  all  cells  within  a column,  and  is  calculated  using  the  formula 


^c.f.  Fourth  EROS  Quarterly  Report  Section  2.3. 
2 

c.f.  Fourth  EROS  Quarterly  Report  Section  2.3. 
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A0 


w(e^) 


g^(<p)  d<t> 

2 


(20) 


where 

g((Ji)  = one  way  power  antenna  pattern  normalized  to  one  at 
the  peak; 

A6  = clutter  column  width  •=  25  mils; 

0^  = azimuth  position  of  a clutter  column  relative  to  the 

antenna  beam  position 


Notice  that  even  though  g(4>)  extends  over  only  16  clutter  columns,  the 
smearing  effect  of  integrating  over  a clutter  column  width  (A6)  for  each 
value  of  0^,  causes  the  weights,  w(0^),  to  have  non-zero  values  over  17 
clutter  columns.  Since  there  are  four  possible  azimuth  readings  per 
column  there  are  68  possible  azimuth  weights.  These  68  weights  are 
stored  in  a random  access  memory  during  simulation  initialization. 

As  noted  in  the  appendix  of  the  Fifth  EROS  Quarterly  Report,  it 
is  necessary  to  interpolate  between  successive  antenna  azimuth  readings 
to  reduce  spurious  signals  to  an  acceptable  level.  This  requirement  is 
met  for  the  clutter  azimuth  weighting  by  Interpolating  both  the  angle 
and  weight  in  one  operation.  For  each  of  two  successive  azimuth  readings, 
the  corresponding  arrays  of  17  weights. 


and 


w^,  ^2*  " ' * * ^17 


w^  , W2  , . . • , 


are  read  from  memory.  An  array  weight  increment 


Aw^,  . . .,  AWj^2 


is  then  computed  such  that 


w^ 


^i  ~ ^i 
256 
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The  interpolated  weights  for  the  17  clutter  columns  can  thus  be  computed 
recursively  for  each  Doppler  cycle  according  to  the  formula 


w (0)  = w . 

i 1 


Wj^(k  + 1)  = w^(k)  + Aw^ 


i = 1.  . . . ,17 


k = 0,  . . . ,254 


t 


3.4  Target  Processor 

The  purpose  of  the  target  processor  is  to  combine  in-phase  and 
quadrature  target  samples,  range-ring  numbers,  and  antenna  weights  to 
produce  a composite  target  signal.  Each  target  sample  is  multiplied 
by  the  appropriate  weight  and  stored  in  the  double-buffered  random 
access  memory  (RAM)  of  Figure  3.  Since  the  computer  and  the  subsequent 
EROS  digital  hardware  are  asynchronous,  the  RAM  provides  the  necessary 
interface.  Target  samples  with  Identical  range-ring  numbers  are  added 
together  and  then  added  to  the  composite  clutter  sample  with  the  same 
range-ring  number.  Throughout  this  process,  synchronization  with  the 
clutter  processor  is  maintained  by  an  Interchange  of  status  flags. 


3. 5 Standard  Modules 

In  Figure  3,  a block  diagram  of  the  target  processor,  note  that 
there  is  a repetition  of  certain  functions  (e.g.,  data  selectors,  Ik  by 
16-bit  memory  arrays,  20-bit  integrators).  These,  and  four  other  functions 
have  been  chosen  for  implementation  as  standard  modules.  This  design 
methodology  will  take  advantage  of  the  fact  that  PC  boards  can  be  repro- 
duced any  number  of  times.  Once  a standard  module  on  a PC  board  has 
been  debugged,  the  module  can  serve  as  a building  block  for  higher  as- 
semblies, the  designer  having  only  to  understand  the  input-output 
characteristics  of  the  module. 

The  seven  most  frequently  occurring  functions  appearing  in  tlie 
PROS  digital  processor  are 

° 16  by  16-blt  multiplier 

® Ik  by  16-bit  memory  array 

° 20-bit  adder 


j 


]6 


k. 


20-blt  Integrator 


1 


Figure  3.  Block  Diagram  of  EROS  Target  Processor. 


20-bit  data  selector 


° clocking 

° output  buf fer/drivers . 

These  functions  are  being  consolidated  into  four  standardized  modules. 


1.  16  by  16-bit  multiplier 

2.  Ik  by  16-bit  memory  array 

3.  20-bit  adder/integrator/data  selector 

4.  clock/buffer 


The  16  by  16-bit  multiplier  module  multiplies  two  16-blt  2's 
complement  words  to  yield  a single  32-bit  2's  complement  product.  This 
multiplication  is  performed  and  latched  in  under  200  nsec  worst  case. 

The  Ik  and  16-bit  memory  array  is  a RAM  having  a word  length  of 
16  bits  and  a worst-case  access  time  of  less  than  100  nsec. 

The  20-bit  adder/integrator/data  selector  is  a versatile  module 
that  can  be  electronically  switched  from  adder  to  integrator  and  back. 
Worst  case  adder  throughput  is  less  than  200  nsec.  Simple  modification 
(adding  jumper  wires)  enables  the  unit  to  perform  purely  as  a data 
selector  if  desired. 

The  clock  portion  of  the  clock/buffer  module  is  actually  a divider 
circuit  which  provides  various  frequency  multiples  and  phases  of  the 
system  clock  ( ~ 10  MHz).  These  clocking  signals  are  used  by  virtually 
all  EROS  components  to  maintain  synchronism.  The  buffer  of  the  clock/ 
buffer  module  is  a set  of  drivers  used  to  distribute  signals  coming  into 
a drawer  of  circuit  boards  thus  presenting  only  a single  input  load 
per  signal  per  drawer.  The  drivers  are  also  available  as  interdrawer 
cable  drivers. 

3 .J>_  Next  Quarter  Goals 

Actual  hardware  implementation  of  such  units  as  the  computer  inter- 
face, PROM  blasting  unit,  and  digital  test  system  will  be  complete  early 
next  quarter.  Design  of  the  various  standard  modules  is  complete  and 
layout  of  the  printed  circuit  boards  is  already  underway.  Detailed  design 
of  the  clutter  and  target  processors  and  related  circuitry  will  continue 
at  present  level. 
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4.  SOFTWARE 


4.1  Real-Time  EROS  Executive  Routine 


A detailed  flow  chart  description  of  the  real-time  EROS  executive 
routine  for  Target  Modes^  1 and  2 has  been  developed  during  the  past 
quarter.  This  routine  is  based  on  target  data  scheduling  as  described 
in  the  Fifth  EROS  Quarterly  Report. 

The  executive  routine  will  control  the  simulated  status  of  the 
targets  and  clutter  as  functions  of  time  and  the  antenna  azimuth.  It 
will  invoke  the  target  and  clutter  processing  routines  at  scheduled 
intervals  and  invoke  the  display  routine  as  time  permits. 

A new  antenna  azimuth  value  will  be  read  from  hardware  after  each 
256  Doppler  cycles,  i.e.,  at  a frequency  of  16.28  times  per  second.  One 
complete  loop  of  the  executive  routine  will  be  executed  at  this  same 
frequency.  The  clock  that  synchronizes  executions  of  the  executive 
routine  is  a flag  set  by  the  EROS  digital  hardware  each  time  the  target 
processor  accesses  a new  buffer  of  target  data.  In  Target  Modes  1 and  2 
this  will  occur  at  a frequency  of  32.56  times  per  second  or  twice  the 
antenna  read  frequency.  Thus,  a new  execution  of  the  executive  loop  will 
begin  at  every  other  flag  setting. 

A simplified  flow  chart  of  the  executive  routine  is  shown  in 
Figure  4. 


4.2  Core  Tables  and  Data  Buffers 


A number  of  tables  and  data  buffers  will  be  maintained  in  core  by 
the  real-time  software.  One  table  will  contain  information  needed  for 
scheduling  target  data.  A second  table  will  provide  sampled  antenna 
pattern  weights.  Buffers  for  target  and  clutter  data  will  be  used  for 
disk  input. 

These  tables  and  buffers  have  been  defined  and  documented  in 
sufficient  detail  to  permit  an  estimate  of  their  core  requirements. 


1 


See  EROS  Fifth  Quarterly  Report  for  definitions  of  target  modes. 
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Target  Scheduling  Table 

600 

words 

Antenna  Pattern  Table 

4096 

words 

Target  Data  Input  Buffer 

6144 

words 

Clutter  Data  Input  Buffer 

3726 

words 

Total 

14,566 

words 

If  core  space  becomes  critical,  certain  reductions  can  be  made 
at  the  expense  of  increased  processing  time. 


4.3  Next  Quarter  Plans 

During  next  quarter,  the  executive  routine  for  Target  Modes  1 
and  2 will  be  coded  and  debugged.  Design  of  the  target  routine  for 
Mode  2 will  be  continued.  Work  will  continue  on  drafting  a plan  for 
EROS  software  development,  identifying  all  programs  and  scheduling 
their  development. 
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5. 


SUMMARY  OF  NEXT  QUARTER  PLANS 


The  design  and  Implementation  of  the  EROS  feasibility  model  will 
continue  during  the  next  quarter^  Analysis  efforts  will  support  the 
development  of  specifications  for  scenario  preparation  software;  in  par- 
ticular the  investigations  will  concentrate  on  the  statistics  of  trunca- 
tion errors  and  on  the  scaling  for  radar  cross  section.  Digital  hardware 
implementation  of  the  computer  interface,  the  PROM  blasting  unit,  and 
the  digital  test  system  should  be  completed  during  the  next  quarter. 
Detailed  design  of  the  target  and  clutter  processors  will  be  pursued. 
Plans  for  real-time  software  development  Include  completion  of  the  real- 
time executive  control  program  for  Modes  1 and  2. 
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Cdr,  USA  Systems  Analysis  Agency  1 

ATTN;  AMSRD-AMB  (Mr,  A.  Reid) 

Aberdeen  Proving  Ground,  MD  21005 

Cdr,  USA  Tank- Automotive  Cmd  1 

ATTN:  AMSTA-Z  (Dr,  J.  Parks) 

Warren,  MI  48090 

Ch,  Missile  EW  Technical  Area  1 

EW  Laboratory  (ECOM) 

White  Sands  Missile  Range,  NM  88002 

Ch,  Intelligence  Mat  Dev  Ofc  1 

EW  Laboratory  (ECOM) 

Fort  Holablrd,  MD  21219 

NASA  Sci  & Tech  Info  Facility  1 

ATTN;  Acquisitions  Br  (S-AK/DL) 

P.  0.  Box  33 

College  Park,  MD  20740 


Target  Signature  Analysis  Center  1 

Willow  Run  Labs  - Inst  of  Science  & Technology 

University  of  Michigan 

P.  0.  Box  618 

Ann  Arbor,  MI  48107 

Remote  Area  Conflict  Info  Center  1 

Battelle  Memorial  Institute 
505  King  Avenue 
Columbus,  OH  43201 

Martin  Marietta  Corporation  1 

ATTN:  MS  0452  (Lynes) 

P.  0.  Box  179 
Denver,  CO  80201 

Cdr,  Rome  Air  Development  Center  1 

ATTN:  Mr,  John  C.  Cleary/OCSA 

Grifflss  AFB,  NY  13441 
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Cdr, 

US  Army  Electronics  Command 

Fort 

Monmouth,  NJ 

07703 

1 

AMSEL-NV-D 

1 AMSEL-VL-D 

1 

AMSEL-MA-MP 

1 

AMSEL-PA 

1 

AMSEL-WL-D 

1 AMSEL-CT-R 

1 

AMSEL-MS-TI 

1 

AMSEL-RD 

1 

AMSEL-NL-D 

1 AMSEL-SI-CB 

1 

AMSEL-GG-RD 

1 

TDC-LNO 

This  contract  is  supervised  by  Radar  Technical  Area,  Combat  Surveillance 
and  Target  Acquisition  Laboratory,  US  Army  Electronics  Command,  Fort 
Monmouth,  New  Jersey  07703.  Tel:  Eatontown,  NJ,  Area  Code  (201)  596- 

1407. 
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